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My Invention reiates to lumlinescent sereens and
particularly to lumlinescent screens comprising
two or more layers of phosphor materials.

Tt 13 known that various phosphors when sub-
jected to Incident corpuscular rodiation such as
cathode rays are excited and liberate lght in the
vistble spectrum. For many applications it is
desirable to provide phosphors having a high
lsht output In & spectral range corresponding
to that of the human eye, with iis maximum
output frequency corresponding to the freguency
at which the cye is most sensitive, However, in
such phosphors only a portion of the avalleble
eriergy in cathode rays is utillzed in liberating
visible Hzht because the wavelength energy of
such rays after intzreeption by a phosphor ex-
tends over a very bread kand and only part of
the energy over & portion of this band is eficctive
in exciting the phosphor to luminescence in the
desired visible range. Other phosphors, while
belnz copalile of absorbking encrgy more efiiciently
or of absorbing energy from a broader portion of
the band of incident cathode ray energy, are very
Inefielent in converting this energy into visible
Nght, substantially all of the light being of rela-
tively short wavelength in the violet or ultra-
violet spectral rezion.

1t is an cbject of my invention to provide a
phosphor screen of hizh excitation efdciency in
the visible spectrum. It is anocther object to
increase tte Intensity of visible light emitting
phosphors beyond that previously obtainable with
a single source of excitation incident upon a
visible licht emitting phosphor. A further object
is to provide a scurce of high intensity visible
light having a wavelenath corresponding to that
. at which the human eye is most sensitive.

In accerdance with my Invention I provide a
tumineséent sereen Inc uding a plurality of indi-
vidual pheosphor material layers and I so choose
the materials and arrange the layers thiat the
meterial initially excited by tae incident energy
transmits its excited energy to ti.e material ex-
citable in the visible spectrum with a minimum
of loss, v hereby the latter material is excited to
a greater dezree than had it boen exciied hy o
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carivalernt amount of wlannt
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Blof lenwer or vl
‘ (iergy from the o
ﬁ")bt( of thorter wavelensins than would be ab-
l_'r‘<~-.d were the exciting enawly dirzetly incident
-.:).‘1 the layer emitting the vic bie light,
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-rt upon consideration of the

those skilled in i
o and the accompanylng

following descyd
drawing wherain,

Fig. 1 shows ¥ .ontatlve spectral emission
and ahsorption characteristic curves of two phos-
phors suitable for practicing my fnvention and,

Fig. 2 shows a phosphor screen made in ac-
cordance with my Inventlon

wWhile it is Balieved that the terms “lumines=
cence,” “fincrescence’” and “phosphorescence™ are
well known in the art relating to the preparation
and use of luminescent materlals, 1 refer to
luminescence as any emission of izt whether In
the visible or invisible portions of the spectrum,
other thaa incandeseence, produced by excitation
of a phosphor materlal such as by radiant or cor-
puscular cnergy. I use the term fluorescence
when referring to the luminescence emitted by
a pliosphor during excitation, whereas the term
phosphorescence applies to the lunalnescence
emitted by the phosphor after excitation. It is
thus obvlous that luminescence comprises two
componernts, one a fluorescent component and the

14

‘gther a phosphorescent componcht, each of these

components being displaced in time since the
time of excitation iIs occupied by flucrescence and
the time after excitatlon Is occupicd by phos-
phorescence,

Referring to the drawing, the dotted curve fcr
shows the spectral emission of a silver sctivated
zine sulphide phosphor with wavelength in
angstrom units plotted as abscissae and relative
light output as ordinates under cathiode ray ¢x-
citation. It will be noted that the spectral emis«
sion band extends from below 4,690 angstroms to
gpproximately 5,500 angstroms, which i{s below
the maximum sensitivity point «f the human eye.
T will refer to the phosphor having such a char-
acteristic as the first phosphor or phosphor layer.
The curve 2cr Is a similarly plotted spectral
emission characteristic under cathode ray excita-
tion of a copper activated zinc-cadmium suiphide,
which T will refer to as the second phosphor or
phosphor layer. It is likevise noted, as shown
by the curve 2cr., that {ts maximum emlission
ordinate lies subztantially at the point of maxi-
mum soositivity of the human ey2. The prin-
s R &5 tha
Dot LD vated by o phocphior ef the Lrpe
the cusve Zoa is representative in the v
the maximum sensithhvity point of the humean eye.
Also referring to the drawing, I have shown the
curve 2 os representative of the spectral absorp-
dien of the szcond shophor material of wrich the
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wiviled by eathode ros. Fach of tha curvis fen
witd Zer is drawn to scale and Is reyresentative
of the relative outputs of the two pheosphors
under equal cathode ray excltation, Circe thece
curves ore drawn to scale and the curve 2 s ths
spectral absorption characteristic of the s2cond
phosphor, the area under the curve deziznated
2x1, which {s the product of the curve Iz and the
curve 2, {s representalive of the enerzy absorbed
by the sccond phosphior wmaterial. Voherever I

have uvsed the term “a2bzorption” I niean that the
“lght lberated by the phesphor having the

shorter wavelength emission ¢ 2otra i3 cidefently
sbzorbed by the phosphor having the lonser viave-
length emissfon spectra in the sense that the
prineipal portion of the absorbad radiation s
converted into luminescence in the loacer wave-
length  spectral  rezion. Assuming  that the
radlant energy absorbed by the sccond phosphor
(the curve 2x1) from the first phosrhor 13 cone
verted In its entirety, except for the quantum
deflett, Into enersy radiated in the and of tha
characteristic curve 2¢cz, the eficlency- of this
process is greater than the cilelency of the sinesle
stage excitation process involving the excitation
of the sccond phosphor dlrectly with an equiva-
lent cathode ray exciintion and the resultant
Intensity In the visible band of curve 2cr Is shown
by the curve 3.

The relationship hetween the emtsslon char.
acteristic of the first phosphor material and the
ebsorption characteristic of the second phesphor
may be claritied by the following anolysis: Az.
sume that a material A (Lhe first phosphaor) i3
exclted by some form of exciting encroy such as
cathode rays and that A in twin exeitas B (the
seccond phosphor). A must necessarily have an
emission spectra which on the whole is coniposed
of shorter wavelength light than B, For pur-
poses of comparison, assume that A under
cathode ray excitation emits 100 energy unlits
(assumed equal to 100, cnergy elliclzney) over
its entire speetral bond but of the 1C0 ener-
gy units cnly 20 stimulate the human eye in
the visible portlon of the spectrum. Such a

bhosplior may be sald to have visual efiiciency of

20%. On the other hand, assume that 3 under
equivalent eathode ray excitation emits 20 energy
units ever {ts spectrum with 10 units of visible
utility, The visual efficiency of rhosphor B
vould then be 104, owaver, ' is desired to
obtaln a visible energy unit emission from B in
excess of the 10 units produced by cathoede ray
excitation. Thus the spectral emission and abe
sorption characteristics of A niust be chosen with
respect to B such that the visible energy emis-
sion Is greater than 10 units. Consequently, the
efiiclency of B may be inereased by 109¢% with
respect to its original if the materials are 50
chosen that 40 energy units are liberated when
ti:e material B {5 oxcited by the emissfon spee-
trum of material A, Thus the amount of cnergy
absorbed from A by B (2x1) should be greater
than the amount of encrzy emitted by B, under
identical cathode ray excitation, to obtain a
chdracteristic such as curve 3 whizh iles nhove
the curve 2cr. In oider 9 obtain this gre:
amount cf energy emiited from B, I nrovid
maleridl Bowith ressect to iis ¢t Loier
: that the peal of its cbrorgiion
ted 2t a lenger wavelentth than the emis-
sion band of A, with the too bands over-lapping
ta yicld the necesgary cordition tlat the proda
uCt Of the A emicing hand ana v Pl
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In crder to cutos st ellleney fron
Iy system of phosphor lnyors ard fwrthee in
accordance with my fuvention, I cxzite tha arst
phespaor layer and further choose the material
of ihls Ioyer tronsparent to &3 enisslon speeo
trum, I therefore provide tha racsphor matee
rial for the first layer ol o cryztal tfzo and chape
£ 25 t2 be couducive to h'=h ¢niieal tronspare
ency to lsht of a frequeney fn the emission tand
of the first phesphor, Tor example, the maxi.
rium elltiency s realizad when very large
crystnls of the first phosphor are uzed, preferably
lerge fat siagle erystal plates forming tre first

layer and Iyine with the maler area exposed to

the Incident exciting enerry., ‘The second phosa.
phor materlal i3 then chosen to be hizhly obe
sorking to the Uzht emitted by the first phesrhor.
Preferably the gacond phosphor {3 of a crystal
size end shapa such that the Hent s dlifusad so
that it may be absorbod more readlly, Prefers
ably the crystals of the sceond phoshhor layer
are small In comporisen to the <ryzinls of the
first phosphor laver. Thus the raterial of the
second phosnhor may be fincly cividag, having a
crystal slze of predominanily 5 mnicrons, wherens
the first phosphor Is of materia] averaging 10
microns or larger and Iif in the preferabla form
as large flat single crystal piates, the ratlo of
area to thickness of the crystal plates may be 3
tol or greater such as a ratlo of 5 to 1, the thick-
ness averasing 5inlerons,

Referring to Fiz, 2, the two Lhosphor layers
may Le anzlled to a foundatlon preferably of
ransaorent 1aaterial such as glass, the method
of application belng such that tho sezond phose
phor layer for a system excitoble by cathode ray
energy Is deposited firet and In esntact with the
support. ‘fiwus a supnort member {9 of flnss
or other suitable matorial mey ba provided, to

) one surfoce of wiich is ernlied the phosphor

layer Hl, referred to akove as the second layer,
breferebly in the ferm of smal] adividenl lisht
absorbing and lizht Sifusing erys The {irst
loyer 42 is thien apelsd efther
previously evntizd Inyver {1 or to an ntermediate
optical bondiny medium 13 balvrezn tha two lay-
ers. It {s disiralle to provide s gecd optical
contaet between the two layers o3 possible and
for this reason a material forming the bonding
medium {3 may be applied to thoa sacond layer
I followed by immcdiate appiication of the
first layer 12 while the Londing madium material
fs i1 a fuid or viccous state, Liaterials such as
boron oxide, alkali silicates or germanates are
suitable for vse as optical bonding mecla, Pref-
erabiy the index of refraction of the honding
media should be approximately equal to the
square reot of the product of the iadices of
refraction of the two phosphors being bonded.
While a saveral feld galn in 1izht cutput in
the regicn of maximum sensitivity of the human
eye nay be obtained when excitat’zn is by ca-
thode ray enecrgy, cven greater ellziencles may
be obtzined where the excitation i3 by short
wavelenyth ultra-violat light, T3 ccme phos-
phors which othierwise would ba &r iclently ex-
cited or even unenciteqd by the primary exeita.
; ii Ny concept

&or ¢x-
1s not ap-
2 region near
;troins but may he excited to cive high
lumirezcence by the cmission of calclum tung-

wh U,

- CIA-RDP81-00120R000100020072-6 violet

. e



SR i et

1

Approved For Release 2007/09/21 : CIA-RDP81-00120R000100020072-6

2,482,623

5

To achleve maximum efifcieney {rom my mul-
tilayer screens, it §s cssential that each phosphor
be synthesized and constituted in such o manner
that it makes the bect use of thie exciling energy
fncldent upon §t, Ifor example, If a two-layer
screen I8 deslved and the first layer Is to be
excited by cathede rays and the sccond layer
exclted by emnisslon {rom the firet loayer, then
the first loyer should show maximum cilclency
under cathede rays, frrespective of s eilsleney
under X-toys, wiliaviolet, ete.; while tiie second
Jayer should show inaximuin eflciency under the
ermission frem the Girst layer, irTespective of iis
effizieney under cathede rays, alpha particles,
X-rays or othier exciting energy. .

As an example of the difference In preparation
required to pehleve maximum efiiciency under
different types of excitation, a 4065 zine sulphtide-
0<% cadmium sulphide phosphor activated by
0.01¢% silver may be considered with respect to
varfation In relative eficlency when crystallized
at different temperatures.

Relative Efckeney

Flring Temperature and Tln‘:c

- Cathode ray | 3650° A, | 2537 A
S0 minuter, . Leieieareen 13 14 17
G120 minules L, eerenn s LS 15 12

It should he noted that the lower firing tem-
perature ond time provide a material which Is
more efiicient under cathode ray and 2537 ang-
stroms than that preduced by the higher flring
temperature and time, whereans the latter mate-
rial Is more ¢ilcient at S650 angstroms.

While T have described my Invention partic-
ularly with respect to phosphors excitable by
cathode ray energy, it will ba apparent that other
forms of radlant or corpuscuiar enerzy excita-
tlon sucli ps referred to stove may be used as
long &s the materials comprising the two layers
are selected In accordance with my inventive
concept. lwurilieriove, while I have described
my {nventlon cnly with respect to a dual phos-
phor layer comblnstion, thie principles uncer-
lyinz my new and linproved operation neverthe-
less apply with equal force to multl-layer
luminescent serecns having more than two layers
wherein the spectral emission and absorptlon
characteristics are prozressively displaced and
overlap In the manner described above. There-
fore while I have described completely only one
particular modification of my inventlon, it Is
neverthelesa susceptitle of further modillcations
and embodiinents without departing from the
scope of the appended claims.

I claim:

1. A luminescent sercen comprising two phos-
phor layers, the material of one layer having an
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6 .
emission -spectrum fn the violét portlon of the
speetrum and being of relatively Jarse average
particle size to render soid layer highly lzhi
troesaaitiing, (e eiher | chor layer tring of
mzterial maving an abuerption spectrum corres
spending to the emission spactra of suid ene Inyer,
an emission socctra of longer swwavelnsih than
thst of sald cne layer and of an ayerase pavilcle
size smaller than that of thie s2id cne layor.

2. A luminescent serecen cemprizsing two phos-
phor layers and an opticai bonding mediun e
tereen satd layers, sald two layers being of phos-
pnors having diderent emicsion spectra, ene of
cald layers Lelng of flat single crystal paoibhor
plates, te oither layer helng of small particie
size, the phosphor of fiat single crystal plates
having the shorter wavelength emission snace
trum and the layer of smaller particle sfie ma-
terial having an absorption spectrum overlapping
the emission spectium of the moterial of larger
particle glze, -

3. A screen as clalmed in clalim 2 whereln the

. index of refractlon of sald bonding medium is

40

45

50

60

substantially equel to the aquare root of the prede
uct of the indlces of refraciton of szld phosphors.

4. Aluimlnescent screen comprising a first layer
of substantially transparent phiospiwor material
formed as fiat single crystal plates, end a socond
phesphor Joyer closely adjacent sald ilrst layer
of lizht diffusinz Izht absorbing swaell particle
siza material, the material ol sald flrst layer
having a shorter wavelength emissien spoctrum
than that of tha second layer, the sccond layer
having an ebsorption spectrum overianning the
emission spectrum of safd first laver 1aaterial.
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